Background: The number of total shoulder arthroplasty (TSA) procedures performed annually is increasing as a result of an aging population and an increased access to subspecialty-trained upper extremity arthroplasty surgeons. An up-to-date analysis of the incidence of, risk factors for, and reasons for 90-day readmissions in primary anatomic TSA has yet to be performed.
The number of total shoulder arthroplasties (TSAs) performed annually is increasing as a result of an aging population and an increased access to subspecialty-trained upper extremity arthroplasty surgeons. From 1998 to 2011 alone, the annual number of TSAs performed increased from 18,000 cases to 68,000. 28 A recent study further demonstrated that from 2011 to 2014, the incidence of shoulder arthroplasties increased by another 24%. 23 A multitude of studies have confirmed that TSA is a costeffective treatment option for pain relief and dysfunction, which results in substantial improvements in patient satisfaction scores. 16, 18, 21, 29 Importantly, excellent long-term survivorship of implants has additionally been demonstrated in the setting of TSA. 5, 26 The payment landscape in hip and knee arthroplasty has shifted from a fee-for-service model to a value-based reimbursement model. The United States (US) Centers for Medicare and Medicaid Services have subsequently introduced multiple fixed-payment models that have demonstrated satisfactory outcomes in certain arthroplasty settings. 7, 11, 20, 25 Examples include the Bundled Payments for Care Improvement model, which reimburses a fixed amount for all services rendered during a predetermined period of care (eg, 3 days prior to surgical admission) to include up to the 90-day postoperative period. 11 Given the relative success of these payment models in the aforementioned settings, their implementation in other common surgical settings, such as TSA, is inevitable. 13, 16, 22 In light of the upcoming implementation of these costcontainment initiatives in TSA and the potential interest of surgeons and institutions in participation, an adequate characterization of the 90-day postoperative course is valuable. Furthermore, identification of specific modifiable risk factors for complications and subsequent readmissions would offer significant utility. While some pertinent data have emerged in recent years, limitations in prior study designs offer opportunity for further analyses. We thus utilized the National Readmission Database (NRD), a relatively new database that encompasses approximately 60% of all hospital readmissions in the US, in an attempt to offer further insight into the incidence of, risk factors for, and reasons for 90-day readmissions in primary TSA. We hypothesized that 90-day readmission rates would be low in the setting of primary anatomic TSA. Furthermore, we hypothesized that readmissions, when they occurred, would most commonly be medically related.
METHODS

Study Population Selection
We performed a retrospective cohort study utilizing 2014 data from the NRD, which accounts for approximately 17 million US hospitalizations each year. This data set is constructed from 27 state inpatient databases accounting for 56.6% of all US hospitalizations. Institutional review board exemption was obtained from our institution for this study.
Inclusion and Exclusion Criteria
By utilizing procedure codes from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), 31 all adult patients (>18 years of age) undergoing primary anatomic TSAs were identified. Reverse (ICD-9-CM code 81.88) and partial (ICD-9-CM code 81.81) shoulder arthroplasties were excluded. Nonelective admissions were excluded. The patients were then divided into 2 cohorts based on whether they were readmitted within 90 days of the index hospitalization.
Patient and Hospital Characteristics
Patient characteristics were obtained from the NRD. These included demographic information (age, sex, and race), diagnoses, and payer type. Furthermore, the NRD allows for the evaluation of the size and teaching status of hospitals in participation.
Preoperative comorbidities were identified through ICD-9-CM and diagnosis-related group coding with the Healthcare Cost and Utilization Project (HCUP) Comorbidity Software. This software package identifies 29 patient comorbidities based on an Elixhauser Comorbidity Index, which was calculated for each patient. Only commonly occurring comorbidities (occurring in >1% of our sample population) were selected for use in our statistical analysis. Comorbidity burdens were calculated with both the Elixhauser Comorbidity Index and the Charlson Comorbidity Index.
Patient Outcomes and Readmission Analysis
The clinical classifications software was used to identify the underlying diagnoses for readmissions. The software groups related ICD-9-CM codes to facilitate statistical analysis. 12 The most common of these diagnoses were then evaluated.
Unique to the family of HCUP-produced data sets, the NRD allows for the analysis of readmissions through patient-specific identifiers. This allows for the longitudinal tracking of patients and their readmissions within the year of interest and across their state of residence. However, should the patient be readmitted to another facility in a different state, the readmissions are then lost and ultimately coded as index admissions. Furthermore, these identifiers do not carry over from year to year in the NRD. Consequently, to capture 90-day readmissions, patients admitted during the last quarter of 2014 were excluded. In addition, any mortality during the index admission was excluded from the readmission analysis. We then quantified the following metrics: (1) the incidence of 90-day readmissions, (2) the primary diagnoses associated with the readmission, and (3) any procedure performed during the readmission. We performed the same analyses for 30-and 60-day readmissions to allow for comparison.
Length of Stay and Hospital Costs
Hospital length of stay and total hospital costs were evaluated. Hospital costs (in 2014 US$) were calculated by utilizing the cost-to-charge ratios provided by the HCUP. 6 Costs were then adjusted for inflation with the Consumer Price Index. Aggregate hospital costs were recorded for patients who were readmitted by calculating the sum of the cost of the index hospitalization and the cost of the readmission.
Statistical Analysis
SPSS (v 24; IBM Inc) was used for all analyses. The chi-square test was used for categorical variables, and the independent Student t test was used to assess continuous variables with post hoc Bonferroni correction. Multivariable logistic regression analysis was then used for the analysis of associations between patient demographic characteristics and comorbidities and the risk of 90-day readmissions. Only covariates found to have statistically significant associations with 90-day readmissions based on univariate analysis were included in the multivariable analysis. Hospital characteristics were additionally included in the multivariable analysis to further control for confounding. These calculated associations were reported as adjusted odds ratios (ORs) with 95% CIs. P < .05 was set as our measure of statistical significance.
RESULTS
Patient and Hospital Characteristics
A total of 26,023 patients undergoing primary TSA were identified. Patients who were readmitted were 1.1 years younger than those who were not readmitted (66.2 vs 67.3 years; P ¼ .009). There was no difference in comorbidity burden between the cohorts. Patients who were readmitted, however, were more likely to carry the diagnosis of chronic obstructive pulmonary disease (21.4% in readmitted group vs 17.6% in nonreadmitted group; P ¼ .032). Further details regarding patient and hospital characteristics of the 2 cohorts are presented in Tables 1 and 2 .
Rates and Predictors of Readmission
Results of the multivariable logistic regression are shown in Table 3 . Mean length of stay for the index admission was slightly shorter in the 90-day readmitted cohort (0.2 day less; P ¼ .003). The 30-, 60-, and 90-day rates of readmissions were 0.6%, 1.2%, and 1.7%, respectively. Medicare payer status (OR, 1.63; 95% CI, 1.00-2.65; P ¼ .05), postoperative transfer to a skilled nurse facility (OR, 1.50; 95% CI, 1.05-2.14; P ¼ .024), discharge home with home health (OR, 1.40; 95% CI, 1.11-1.77; P ¼ .004), and chronic lung disease (OR, 1.32; 95% CI, 1.04-1.66; P ¼ .02) were identified as independent predictors of 90-day readmission. Female sex decreased odds of 90-day readmission (OR, 0.72; 95% CI, 0.59-0.87; P ¼ .001).
Total Hospital Cost and Reasons for Readmission
Ninety-day readmissions were costly, with patients who were readmitted incurring total hospital costs of $82,348, as opposed to $16,621 for patients who were not readmitted (P < .001). The most common reasons for readmission at 30, 60, and 90 days were hardware-related complications ( Table 4) : 96.4%, 85.6%, and 73.1%, respectively. The most common hardware-related complication was prosthetic dislocation, with rates of 49.6%, 44.3%, and 37.0% at 30, 60, and 90 days. At the same time intervals, 84.2%, 77.7%, and 64.9% of patients being readmitted consequently required a revision TSA, and 0.0%, 9.4%, and 12.4% of patients underwent conversion of the total shoulder to a reverse TSA.
DISCUSSION
As the number of TSAs performed annually continues to increase, inclusion of TSA into bundled payment models is inevitable. In these particular payment models, health care providers and institutions may be held financially liable if costs are in excess of a predetermined payment amount. Amid these policies, hospital readmissions have been identified as a key quality metric and, consequently, a basis for financial penalty. For example, in 2014, in the second year of the Medicare Hospital Readmissions Reduction Program, 2610 hospitals were fined $428 million for excess all-cause readmissions. 2 Conversely, providers and hospitals may be rewarded if cost savings occur. Importantly, these financial responsibilities are enforced regardless of the relationship between the readmission and the index procedure and can extend to include up to the 90day postoperative period. 4 Consequently, a more thorough characterization of 90-day readmissions is prudent to improve patient care and cost-effectiveness and to potentially aid in policy formation. Our study was the first large national study to present more current 90-day readmission metrics in the setting of primary TSA alone.
Our 90-day readmission rate following primary TSA was 1.7%. In a large single-institution series that included 1440 primary TSAs, Streubel et al 30 reported an incidence of 90day readmission of approximately 1%. In a large comparative analysis based on Medicare data, Basques et al 3 reported a 90-day readmission rate of 2.9% following inpatient TSA. Schairer et al 27 performed a similar analysis utilizing the state inpatient database from 7 states and found a 90-day readmission rate of 6.0% for TSA between 2005 and 2010. The latter 2 studies, however, included reverse TSAs in their analyses, as a specific ICD-9-CM procedure code for this procedure was not implemented until 2011. This may account for the noticeable difference in rates of readmission. Additionally, as these studies were conducted in data sets that are almost a decade old, additional confounding may have existed regarding interval improvements in the identification of high-risk patients and consequent preoperative medical optimization. Finally, our study excluded fractures 1, 17, 19 and included both Medicare and non-Medicare patients, which may have further influenced our readmission rates.
Risk factors for readmission after TSA, although somewhat inconsistent in nature, have previously been identified. Lovy et al 16 found that inflammatory arthritis, male sex, age, increased American Society of Anesthesiologists class, and functional status were all independent risk factors for readmission at 30 days. Schairer et al 27 found that male sex, Medicaid payer status, transfer to a skilled facility, and higher comorbidity burden were all associated with increased risk of readmission at 90 days. Basques et al 3 found that chronic obstructive pulmonary disease and advanced age (>85 years) were risk factors for 30-day readmission following outpatient TSA. Again, while there were some noticeable differences in the risk factors identified, our study similarly found that male sex, chronic lung disease, and transfer to a skilled facility were all associated with an increased risk of 90-day readmission. Our study uniquely expanded the associations between these characteristics and the likelihood of 90-day readmissions to all payer types on a national scale, while controlling for a multitude of patient-and hospital-related confounding factors. Finally, additionally unique to our study, we found that patients who had surgery at a teaching hospital had a lower likelihood of 90-day readmission.
While we identified that medical diagnoses (eg, hypertension, gastroesophageal reflux disease, hyperlipidemia) as a whole were more commonly coded for than surgical diagnoses in our readmissions data, surgical diagnoses were still the most common readmission diagnoses related to the index shoulder arthroplasty. Hardware-related complications were the most common reasons for readmission at all time points, with 73% of all readmissions at 90 days being surgically related. Dislocation was the most common specific complication noted at this time point, with an incidence of 37%. Consequently, 64.9% and 12.4% of readmitted patients required a revision TSA or reverse TSA, respectively, by 90 days. It is important to clarify that while these rates appear disproportionately large in the context of readmissions, they actually represent a very small percentage of the entire patient sample. For instance, in the context of all patients who underwent shoulder arthroplasty, the incidence of dislocation was only 0.6%.
On the contrary, Basques et al 3 identified medical complications as the most common reasons for readmission (incidence of dislocation among all 90-day readmissions, 8.4%; surgical site infection, 18.0%). Importantly, their study was conducted with Medicare claims data, which have been shown to be fairly inaccurate at adequately capturing complications. 15 Furthermore, as our data were more recent, the discrepancy in results may have additionally reflected interval improvements in the identification and medical optimization of higher-risk patients as discussed earlier. Nevertheless, our findings are certainly encouraging, as we identified that TSAs have an acceptably low risk of medical complications in the 90-day postoperative period.
More reflective of our findings, Lovy et al, 16 using the American College of Surgeons National Surgical Quality Improvement Program (NSQIP), found reoperations to be the most common reason for readmission at 30 days (40%), with instability (7.6%) representing a more common surgical diagnosis than infection (5.1%). While this rate of instability is lower than what we found, unlike the NSQIP, the NRD is unique in that it allows for the tracking of patients throughout the entirety of each geographical state and, as such, may allow for a more accurate depiction of the actual incidence of prosthetic dislocation in this setting. Streubel et al 30 also found that the most common reason for reoperation in the 90-day postoperative period of their patient population was instability (40%), followed by infection (20%).
It is important to comment on the perceivably low rate of postoperative infections identified in our study. The published rate of prosthetic shoulder infections is approximately 1%. 24 However, the majority of these infections are caused by low-virulence organisms (eg, Cutibacterium acnes) and are therefore most commonly diagnosed outside the acute postoperative window (ie, >3 months). Consequently, our 90-day readmission analysis would have inherently excluded such infections. Furthermore, we did not include fractures, reverse TSAs, or revision procedures in our analysis, all of which may be associated with higher rates of prosthetic joint infections. 24 Finally, readmissions secondary to complications such as myocardial infarction and stroke were nonexistent in our study. Upon initial review of our data, this was surprising. However, the rates of these complications in the setting of shoulder arthroplasty are intrinsically low (<1%). 8, 14 Furthermore, it is important to note that as numerous studies have quantified the incidence of immediate postoperative complications in the setting of shoulder arthroplasty, we chose to focus only on reasons for 90-day readmissions and did not include the initial inpatient complication profile in our cumulative analysis. For instance, we identified 25 acute myocardial infarctions (0.1%) and 17 cerebrovascular accidents (0.1%) that occurred during the initial hospitalization that were not captured in our 90-day readmission analysis. These rates are in line with recently published studies. 8, 14 These data may suggest that the majority of these complications occur in the immediate postoperative period and rarely after initial discharge from the hospital.
There are several notable limitations to our retrospective study. Our NRD analyses were limited to the 90-day postoperative period and would not capture any complications of inpatient primary TSAs presenting beyond this time frame. As the NRD captures only inpatient procedures, this analysis did not include any outpatient shoulder arthroplasties. Furthermore, the interpretation of the NRD requires the use of ICD-9-CM coding, which has been shown in some studies to lack in sensitivity and specificity. 9, 10 The assessment of intraoperative factors (blood loss, surgical time, surgeon) or accurate evaluation of preoperative factors, such as laboratory values, were not possible. It is also important to comment that while diagnoses associated with readmissions were identifiable, at best these may be interpreted as strong associations and certainly do not establish causality. Similarly, while correlations between various characteristics and 90-day readmissions were noted, establishing root causality is not possible with the NRD given the relative lack of granularity in the database. Future prospective studies are warranted to address these limitations.
The NRD is uniquely structured in that it does not allow for the combining of yearly data sets for the analysis of larger aggregate samples, and as such, we limited our data analysis to a more recent year. Additionally, tracking of patients across geographic states is not possible in the NRD. Consequently, some patients may have been lost in the readmission analysis.
Effort was put forth to analyze any temporal trend in the rates of readmission. However, the inclusion of data beyond 90 days would have subjected our analysis to increasing seasonal bias owing to the increasing number of patients lost in the overall sample. As such, the effort was abandoned. Finally, intrinsic to the study design, the findings within this study are associations only and do not prove causality. Nevertheless, the use of the large NRD data set is also a major strength of this study, as it allowed for the analysis of rare outcomes, such as 90-day readmission, in a relatively benign surgical setting such as primary TSA.
CONCLUSION
While the incidence of 90-day readmission following primary TSA appears low, these readmissions may be associated with significant patient morbidity and high reoperation rates. This ultimately translates into substantial increases in associated hospital costs. Knowledge of both the factors that increase the likelihood of 90-day readmissions and the reasons for readmission will ideally allow for improvements in the efforts to mitigate these financially and physiologically costly readmissions. It is important to note that truncating readmission analysis at a 30-day period will miss most of the arthroplasty-related hospital readmissions.
